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Abstract  
The refractive index of a conventional dielectric layer can be enhanced using an Artificial Dielectric Layer (ADL). 
Here we present the fabrication of low temperature PECVD Silicon Carbide (SiC) membranes with very high 
refractive index (up to 5 at 1 THz) in the terahertz frequency range. The SiC deposition parameters have been tuned 
to reach a very low residual stress level (-25 to 100 MPa). The excellent mechanical properties of this material 
allowed the fabrication of very large square membranes (5 mm side) with a thickness from 5 ȝm to 10 ȝm. Using 
silicon carbide as host material, ADL with a refractive index of 9.9 at 1 THz can be effectively realized.  
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1. Introduction 
Terahertz radiation for sensing is extremely promising for analysis and detection of gasses, chemicals and 
biological molecules (proteins or DNA), since many of these compounds show characteristic rotational and 
vibrational modes in this part of the electromagnetic spectrum [1,2]. The main reasons that prevent a wider use of 
THz radiation for sensing are the lack of high-power sources and sensitive detectors. Conventional metal-based 
antennas and waveguides suffer from very low radiation efficiency and strong coupling with the substrate. A new 
type of meta-material, called Artificial Dielectric Layer (ADL), with a very high dielectric constant has been 
recently proposed to solve this issue [3]. This material has been realized by means of metal inclusion inside a host 
silicon oxide dielectric matrix.  
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Fig. 1: Schematic design of the SiC based ADL membrane. Top: The patch arrangement and the details of the design. Bottom: a cross section of 
the whole device. The vertical distance between each patch layer is 3 ȝm. The backside of the wafer is etched (KOH wet-etching) to allow the 
measurements of the optical properties of the ADL membrane. 
 
   
Fig. 2: Left) Microphotograph of the PECVD-SiC membrane (view from the backside). Right) SEM Cross sections of a 10 ȝm thick SiC 
membrane. 
 
 
Due to the relatively low dielectric constant of the silicon oxide (H = 4), the overall thickness of the device is 
relatively high, more than 35 μm [3] for a 5 Layer structure. To efficiently integrate the fabrication process of this 
metamaterial directly on a silicon IC, a thinner ADL structure would be then preferable.   
The design of the proposed ADL is shown in Fig. 1. The metamaterial basically consist of stacked deposition of 
alternating dielectric and metal patches layers. The device geometries are carefully tuned to realize a homogeneous 
dielectric media with enhanced optical properties in the THz range of frequency. In this experiment, a PECVD SiC 
layer has been chosen as dielectric layer. However, to efficiently design the ADL, the refractive index of this layer 
has to be first characterized in the THz frequency range. Using a conventional IC fabrication processes, large SiC 
membranes are fabricated and their optical properties analyzed by means of a Time Domain Spectroscopy (TDS) 
setup. The geometry of the ADL is then fine tuned using an in-house developed simulation tool to achieve a 
refractive index of 9.9 over a very broad range of frequency (0.8-1.2 THz). 
.  
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Fig. 3 : Refractive index of the PECVD a-SiC in the 250-1600 nm frequency range extracted from ellipsometric analysis. A marked absorption in 
the ultraviolet part of the spectrum is present, while at lower energy (near-infrared) the k goes rapidly to zero. 
                                            
Fig. 4: Terahertz Time Domain (TDD) spectroscopy set-up. 
2. Experimental 
The silicon carbide (SiC) membranes were fabricated starting from P-type 100 mm silicon <100> wafers. As first 
fabrication step, a low stress LPCVD silicon nitride layer (150 nm) is deposited on the wafer. This layer is used as 
hard mask on the backside for the silicon wet etching and as stopping layer to protect the frontside SiC layer. The 
SiC layer was deposited using a Novellus-Concept PECVD reactor, using SiH4 and CH4 as precursors. The 
fabrication of large membranes requires a low-stress layer, to avoid large buckling (high compressive stress) or 
cracking (high tensile stress) phenomena. The stress measurements were performed using a TENCOR-Flexus stress 
meter. By tuning the precursors ratio during the SiC deposition, the stress of the layer was reduced down to 25 MPa 
(tensile), thus making the fabrication of large (5 mm x 5mm) and flat membranes (Fig. 2) possible. The thickness 
and the optical properties of the layer were determined by spectroscopic ellipsometry, using a Tauc-Lorentz 
dispersion relation (Fig. 3). After the deposition of the SiC layer, the SiN layer on the backside of the wafer was 
patterned and then etched using a Alcatel GIR-300 dry etcher. Prior to the silicon wet etching, the wafer was 
inserted in a special holder to protect the frontside from the wet etchant.  The wet etch step was performed in a KOH 
bath at 85 °C for 5 hours and 30 minutes. The wafer was then diced and the single die inserted in the Terahertz 
Domain Spectroscopy (TDS) measurements setup, schematically depicted in Fig. 4. 
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Fig. 5: Left) Refractive index (n) of the a-SiC layer at erahertz frequency measured with the TDS setup. The spectrum is characterized by a broad 
peak that reaches a maximum value of 5 at 1 THz. Right) The refractive index of the SiC- based artificial dielectric layer.  
3. Results and discussion 
The refractive index of the SiC was measured by means of a Terahertz Domain Spectroscopy (TDS) setup. A 
detailed view of the system is shown in Fig. 4. The THz beam generation starts from a a short laser pulse that is 
directed on a GaP electroptic active crystal. The generated radiation is collected with two parabolic mirror and then 
directed on the SiC membrane. After the interaction with the SiC membrane, the transmitted beam is collected and 
directed on the detector. In Fig. 5 Left), the refractive index of the layer at THz frequencies is shown. A broad peak 
is present at 1 THz, where the refractive index reaches the value of 5. This value is 2.5 times higher than the PECVD 
silicon oxide refractive index. As previously reported [3], the final thickness of an ADL layer is strictly related to the 
optical properties of the dielectric host matrix. Using this material is possible to realize an extension of the ADL 
presented in [3], aiming to reach a reduction in the thickness of the ADL stack by a factor 3. In this study, the 
working frequency of this device was tuned to 1 THz and all the components were consequently scaled (Fig.1). The 
simulations show that the resulting refractive index of the ADL is 9.9 at 1 THz (see Fig. 5 Right)).  
4. Conclusions 
Large membranes of low stress PECVD SiC have been fabricated and their refractive index measured in THz range 
of frequency. This material can be used as dielectric host matrix in an Artificial Dielectric Layer to increase its 
refractive index up to 9.9. 
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